Cell-free mitochondrial fusion assay detected by specific protease reaction revealed Ca2+ as regulator of mitofusin-dependent mitochondrial fusion.
Mitochondrial dynamic by frequent fusion and fission have important roles in various cellular signalling processes and pathophysiology in vivo. However, the molecular mechanisms that regulate mitochondrial fusion, especially in mammalian cells, are not well understood. Accordingly, we developed a novel biochemical cell-free mitochondrial fusion assay system using isolated human mitochondria. We used a protease and its specific substrate that are essential for yeast autophagy; Atg4 protease is required for maturation and the de-conjugation of the ubiquitin-like modifier Atg8. Atg4-FLAG and Atg8-GFP were separately expressed in the mitochondrial matrix of HeLa cells. Isolated mitochondria were then mixed and packed in the presence of energy regeneration mix. Immunoblotting with an anti-GFP antibody revealed Atg8 processing, suggesting that the double membranes of isolated mitochondria were indeed fused. The mitochondrial fusion reaction required GTP hydrolysis, mitochondrial membrane potential and intact outer membrane proteins containing two mitofusin isoforms. Using this assay, we searched for stimulators of mitochondrial fusion and found that rabbit reticulocyte lysate and Ca2+ chelator EGTA stimulate mitochondrial fusion. This novel cell-free assay system using isolated human mitochondria is simple, sensitive and reproducible; thus, it is useful for screening proteins and molecules that modulate mitochondrial fusion.